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FOREWORD

This work was initiated in an effort toward the design
and fabrication of a prototype recovery parachute assembly to
enable the airdrop, by use c¢f parachutes in a cluster, cf a
50,000~1b unit locad. The first phase of this study was con-
cerned solely with the design aspects; the second phase deal¢
with febrication.

Volume Il presents the results of werk on the direct
design of the selected prototype parachute assembly.

This work was conducted under U, S. Army Project
1F162203D-195, Exploratory Develcpment of Alirdrop Systems,
by Pioneer Parachute Company, Manchester, Connecticut, under
contract DAAG17-65-0142.

The srojesct engineer was Mr. FRoyce A. Toni ¢f the
contracting agency. The work was performed under the direc-
ticn of Mz. Arthuar W. Claridge, the project engireer for
the U. S. Army Natick Laboratories.
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ABSTRACT

This report covers the direct design aspects of the
selected prototype cargo recovery assembly for airdropping
heavy unit loads in the order of 50,000 pocunds.

The detalied design of the components 1s covered as well
as stress analysis to determine the margins of safety for
the materials selected. Material lists and weights for the
components are provided. Laboratory testing of individual

components and strength efficiency of stiteh patterns are
shown.

vi




1. _INTRODUCTICN

The prototype paracnute assembly shown in Fig. 1 repre-
sents a system that, when used in a cluster of six, will
enable the airdrop cf a 50,000-1b unit load. This partie--
uiar configuration was ulti=mately selected on the basis of
findings presented in Volume I of this series.

As a result of the Volume I study, these aspects cdeal

primarily with detail. The purpose of Volume II is to

present the results assoclated with the direct design
aspects.

2. SPECIFICATIONS

a. Design

The parachute system was designed to meet all the
requirements stated in Velume I, Secticn 3.

(1) Parschute Size

The procedure followed to determine the size of

the parachute systenm (l35-ft-D°) is presented in Voluma I,
Section 9.

{(2) Opening Force

The method used to define the maximum force
(28,300 1b) experienced by any one parachute when used in a

cluster cf six to airdrop a 50,000-1b unit load, is presented
in Volume I, Section 10.

b. Comporients

The selected prototype assembly consists of the
following components:
(a) canopy, which has the subcomponents

(1) suspension lines,
(2) vent ring, and
(2) center line;

(b) risers, which have the subcomponent
(1) separzble link;
(¢) riser extensicn;

(d) suspensicn clevis, which has the subcomponent
(1) bushing;




T

CANOPY (NALABS DWGS. X11-1-1635 TBRU 1648)
135-1%~D,, S0LID-FLAT CIRCULAR WiTH VENT

PULLDOWN 1,6-0z2 CIOTH, MIL-C-7C20, 7Y 11,
0.0, l=~in. MAIN SEAMS 3SEWN ON THE BIAS

SUSPENSION LINES (NALABS DWd. X1i-1-1646)
67.50-ft LENOTH (APEX TC SKIRT)
47.25-ft LENOTH (3KIRT TO LINK)
MIL-C-~5040, 7Y IiI, 0.D,

160 LINZS {16 QROUPS OF 10 LINES EACH)
16C GORES

\\\-——vzsw RING {NALABS DWO. X11-1-1649)

~—CENTER LINE {NALABS DW3. X11~1-1650)
182, 25-ft LEXGTH
MIL-W-27465, TY XXVI, 0.D.

~—~RISER (NALABS DWO. X11-1-1651)
121.50-ft LENCTH
MIL-W.272€5, Y XVIIl, O.D.

- SEPAPABLE LINK (M3-22002-1)

g ——————RISER EXTENSION {RALABS DWG. X11~1-1653)
135~-r¢ LENGTH
MIL~-W=27265, TY XXVi, 0.D.

~—rSUSPENSION CLEVIS (MS-70087-3)

BUSHING (NALABS D¥O. X11~1-1452)

REEFING LIME
81,5-rv LENOTH
| MIL-C-7515, TY VII, COLOR OPT.

rig. 1. Prototype ass¢embly selacted for use in a cluster
of six to airdrop & 50,000-1b unit load.
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(e) deployment bag and bridle; and
(f) reefing components.

The canopy 1s solid-flat circular, having a 135-ft
nominal diameter (Do). The suspension lines are spproxi-
mately 0.35 x D_ in length, measured from the separable link
to the canopy sKirt; the lines continue to run through the
canopy main seam up to the vent ring and return t¢ the sepa-
rable iink via the adjacent gore.

The center line 1s of two-ply construction and hzs
& length approximately equal to the total length of the
suspension line and its riser plus Do/lo.

The risers are approximately 0.65 x D_ in length.
At one end are separable links to which the sﬁspension iines
can be tied; the other end is lcoped so as to be accommodated
by the clevis. The construction cof this ltem is such that
for every four ends connecting to a total of forty suspension
lines (10 lines per end) the other (and only) end connects to
the clevis.

The riser esztension is of H-ply construction and
looped at one enéd 32 as to be fitted into the cievis. ’The
other end, the lcad-attachment point, is looped to accommo-
date 13 hardware fitting supplied by Natick Laberatories.

¢. Deployment Conditions and Weight

The gross rigged weight for a cluster cf six of
the specified paracnute asgemblies 1s 50,00C 1lbs. The approx-
imate weight of one parachute assembly, including the deploy-
ment bag, is 513 lbs.

Aren used as & member of s six-parachute cluster, the
parachute iz capaple of opaning without structurai failure

when released at s speed of 223 ft/sec and a dynamic pressure
of 76.3 1b/fg*,

d. Margins of Safety

The marginsg of safety for structural loads in the
above-cited cpening envircnment are positive for all compo-
nents.

3. GORE LAYOQOLT

Tre material used or tite canony of a parachute assembly
is usually taken from a rcll, which is of a given number of
running yards {in length) and of a glven number of inches in

Lad
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width. For a solid-flat circular canopy, the number of gores
required normally dictates the width of the fabric. However,
for the parachute configuration under design, other consider-
ations dominated, primarlly the decision to use Military-
Specification mater’:als for all fabric components. To adhere
to this requirement for suspension lines, it became necessary
toc assign tc the assembly 160 gores. Therefore, the selected
prototype sarachute assembly is a 135-ft-nominal-diameter
solid-flat circular configuration having 160 gores.

a. Basic Gore Geometry

The geometry assocliated with a basic gore for a solid-
fiat circular canopy 1s depleted in Fig. 2. This geometry is
representative of the gore's desired finished dimensions.

The theoretical length of the gore is given by
R = DO/Z‘ (3"'1)

The vent radius can be expressed as z Iraction of the
thecretical gore length. Hence,

VR = aR. (3-2)

The angle subtended by the intersection of the two
theoretical lengths of the gore at the parachute's theoreti-
cal center is simply defined by

2¢ = 320, (3-3)

where N is the number of gores comprising the particular cor-
figuration.

The widths of the gore at the vent and skirt respect-
ively are given by

M= 2V, sin ¢ {3-4;
and _ " _
O = 2R sin ¢. {3-5)

The actual length and height of the gore are given,
respectively by

G =R - Vg (3-~6)
and *
T = G cos ¢. (3-7)

Table 1 lists the gecmetry associated with the basic
gore for the prototype parachute assembly under design herein.




Flz. 2. Geometry

associated with a basic gore of a
golid-flat circular canopy.
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TABLE 1
GEOMETRY

ASSOCIATED WITH

BASIC GORE

OF A 135-ft-Do

SOLID-FLAT

CIRCULAR CANOPY
OF 160 GORES

a = 0.04

N = 160 gores
Do = 135 It

R = 67.5 ft
Vﬂ = 32.4 in.
¢ = 1°7'30"

M = 1.272 in.
| 0 = 31.801 in.
G = 64,800 ft
T = 64,788 ft

b. Pullness and Seam Allowances

The geometry assoclated with a basic gore, including
fullness allowance and seam allowance, for a solid-flat circu-

lar canopy 1s depicted in Pig. 3.
(1) PFullness

The dimensions for the
and skirt respectively become

M. = M(1 + fM)

and f

0f =0 (1 + fm),
where the terms fm &énd fa represent

factors.

The dimensions for the
height become respectively

gore widths at the vent

(3-8)

(3-9)

respective fullness

gora‘'c actual l=2ngth and

(3~10)
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Geometry asso:-iated with a basic gore, includlng

fullress allowance and seam allowance, for a sclid-flat c¢ircular
canopy.

FPig. 3.
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YABLE 2
GEOMETRY
43SOCIATED WITH
BASIC GORE,
INCLUDING FULI.~
NESS ALLOWANCE,
FOR A 135-rt-p_

SOLID-FLAT
CIXCULAR CANOPY
OF 160 GORES

f.= 06,10

f= = 0.0

~y
#

0.0

<4
-
»

1.399 1in.
~ = 31.801 1n.
s = 64.800 £t

&
h

G
L}

Tpo = 64,788 £¢
L_E__: 1°7:g"
and Tp = Ge cos a, (3-11)

where the term fG represents a fullness factor and

1 0p Mg (3-12)

ety

Table 2 1ists the gecomatry assocliated with the
basic gore, including the Tullness 2llowance, for tne provo-
type parachute assembly under design herein.

a = sin”

2) 3eams

The dimensions for the gore's widths at the vent
and skirt become respectively

= x -
K Mo + Z(cos < * Y tan a) (3-13)
S X ,
A Of + 2(3'5-8—-&— + Z tan u), (3-1%)




TABLE 3
GEOMETRY
ASSOCIATED WITH
BASIC GORE,
INCLUDING FULL-
NESS ALLOWANCE

AND SEAM
ALLOWANCE, FOR
A 135-ft-D
(o)
SOCLID-FLAT
CIRCULAR
CANOPY
OF 160 GORES
X= 1.5 in.
Y= 2.0 in.
2= 2.0 in.
K= 4,322 in.
A = 34.879 in.
L = 65.121 ft

where the term X represents the seam allowance slong the
gore's length and Y and Z represent the seam allowance at the
gore's two widths.

The dimension for the gore's height becomes

L=1T,+7Y+2Z (3-15)

Table 3 lists the geometry assoclated with the
basic gore, including the fullness allowance and the seam
allowance, for the prototype parachute assembly under design.

c. Panels Within the Gore

Owing tc che slze of a gore, it sometimes becomes
impractical to design it as a so0lld piece of cloth. As a
result, the gore must be designed so as to be comprisec of
panels. Figure 4 depicts the geometry assocliated with a gore
comprised of n panels for a solid-flat circular canopy fabri-
cated from a roll of cloth 3€.5 inch wige.

The number of panels comprising the gore can be
determined by the expression

n = L g S1 + 2; (3-16)




Y

Fig. 4. Geometry associated with an n-panel gore of
solid-flat circuiar canopy, fabricated from a 36.5-in.-wide

roll cof cioth.
10
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for a 36.5-in.-width fabric and a 1.5-in. seam allowance (X 1s
1.5 in.),

S = 49,498 in. (3-17)
and

S; = U - 2.121 in., (3-1t)
where

U; = 51.618 in. - %A. (3-19)

(1) The First Panel

The geometry associated with the first panel of
a gore comprised of n panels for a solid-flat circ’ ar canopy
fabricated from a 36.5~in.-wide roll of cloth is . .pisted in
Fig. 5. Referring to this figure, it can be seen that

B = ‘45° + G, (3"20)

Yy = 45° - a, (3-21}

U; = 51.618 - %A, ‘ (3-19)

S; = U, ~ 2.121, (3-18)
_ 36.5

B = 335—5, (3-22)

and, finally,

Now 1t 1s possible to present the expressions
for the first panel's geometry, that is

= _Csin a -
Dal 0.767A 5707 (3-24)
and 618
= _51.618 sin a _
Dbl 0.707A Th B . (3-25)

The geometry assoclated with the first panel of
the gore for the canopy under design is listed in Table U(b).

(2) The Second Panel Through the (n - 1) st Panel

The geometry assoclated with the second panel
through the (n ~ 1)st panel of a gore comprised of n panels
for a solid-flat circular canopy fabricated from a 36.5-in.-
wide roll of cloth is depicted in Fig. 6. Referring to this
figure, 1t can be seen that

W = 36.5 in., (3-26)

11




Plg, 5. Geometry
N-~pane} gore
a 36.5.1n

associated h t pane) of a
of a solid-flat ceirculap Canopy, p
«~wide roll or cloth,

12
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Fig.
{n ~ 1
caneey

n

& Geometry associated with the 1ist through the
it panels of an n-panel gore of a seclid-Tlat cirsular
. fabricated from a 35.5~in.~-wide reil of cloth.
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F o= g;ﬁ“; R (3-27)
W
sy (3-28)
Ho= oo, (3~29)
— la‘é
J = Sin 8 ’ (3"30)
S = 49.498 ip., {3-17)
and
U= 51.618 1in. (3-31)
The eéxpressions for the 5econd panel's geometry
are as follows.
. 2,121 sin a
fap T Do, * AR (3-32)
- = 2,121 sin a
Ebz = Dbl TN (3-33)
- = 49.498 sin a
D2, Dy, = siny s (3-34)
and 498
_ 49.498 sin o
Dbz = Dbx -~ Sin B . (3‘35)

Finally, the gmeral expressions
try of the remaining panels

Eax = E&z

E =&
bx b,
D =D
ax a)

and

D = D
bx b,
Tt should

above equations refers
in these equations are

2 s x <n

49.498 sin o

- {x - 2) SIny s (3-36)
- (x-2) 22098 stn g (3-37)
- (x-1) 2498 stn o (3-38)
- (x - 1) 49.498 sin a (3-39)

sin 8 *

be cited that the subscript x in the
to the pane} number. The limits of x
glven by

- 1. (3~40)

17
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Fig. 7. Geometry associated with the nth vanel of an
r-pansl sore of a solid-flat circular canopy, fabricated ¥, or
a 36.5~in.-wide roll of cloth.

18




The geometry assoclated with the first panel
through the (n - 1)st panel of the gore for the canopy under
design is listed ir Table l(b).

(3) The nth Panel

The geometry associated with the nth panel of a
gore comprised of n panels for a solid-flat circular canopy
fabricated from a 36.5-in.-wide roli of clcth is depicted in
Fig. 7. Referring toc this figure, it can be seen that the
panel geometry 1s calculated from the following expressions.

49.498 sin a

Ean = Eaz - (n ~ 2) sIn Yy (3-41)
- 43,498 sin &

Ebn =E,-(n-2) sin B (3-42)
p = 0-707 (5, *+ %K), {3-43)

sin vy
Gn = 0.707 (Sn - 3K)’ (3-44)

sin 8

and

S =L -5, 48 (n-2). (3-45)

n

The geometry associated with the nth panel of
the gore for the canopy under design herein is listed in
Table 4(bj.

4, STRESS ANALYSI3

The purpose of the stress analyslis 1s to establish the
margins of safety for the materials selected for use in the
prototype parachute assembly. These margins are calculated
for the werst-case loadling environment; for this particuliar
assembly, such a condition occurs when the assembly 1s used
as a member of a six-parachute cluster %o alrdrop a 50,000-1b
unit load from an aircraft traveling at 227 ft/sec and under
a 76.3-1b/ft? dynamic pressure. The maximum reefed npening
force experienced by an indivlidual assembly for such an
operaticnal environment is 28,300 it; the method for arriving
at this maximum is presented in Volume I, Section 10.

The procedure followed for calculating the margins of
safety is, first, to calculate the components' allcwable
load by use of the expression

ult strength (4-1)
overall design factor

allow load =
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The ultimate stiength is taken from the average of five
control samples tested to their ultimate. This 1is presented
in Appendix A. The overall design factor is arrived at by
the conslderations accounted for in Table 5.

How, the margin of safety becomes simply

M.S. = allow load
worst-case 1o0zd

The margins of safety calculated for the components of
the selected prototype parachute assembly are summarized in
Fig. 8.

a. Maximum Canopy Stress for a Vent-pulldown Parachute

With regard to the parachute cancpy, it must be
pointed out that the establishment of a stress theory 1is
extremely difficult owing to the very nature of the structure.
It is 1 flexible device, constructed from a fabric, and
operates in a highly dynamic mode. Therefore, as far as
stress analysis is concerned, it i1s not necessary to attempt
tc conduct a high-order analv ical study. Rather, some
basic assumptions were used that, when coupled with experi-
ence and intuition, lead to "ball-park" results.

Use of the vent pulldown leads to opening-shape
characteristics that somewhat deviate from those normally
assocliated with the standard parachute. This is indicated
by a study of movie film depicting deployments of single
and clustered G-11A vent pulldowns from an abcve-terrain
altitude of 1500 £t and a release velocity of 150 knots. The
general cpening shape for all the canopies in these drops is
depicted in Fig. 9. This shape is most definitive at or
Just following full reef, the point at which the parachute
loads zare at maximum.

Figure 9 shows that, at full reef, the canopy exhib-
its prominent domes ("false vents"). The ftrue vent 1=, of
course, pulled down within the skirt area. Therefore, there
is no physical means for the cancpy to bleed off pressure.
This accounts for the relatively gquick opening and resulting
high loads associated with the vent-pulldown parachute.

(1) G-11A Cargo Parachute

The G-11A cargo parachuce under discuss.ion here
has a reefing ratio of 20%; that is, D, = 0.2D . This then
implies that, at reefed state, the pargchute d?ameter is 20
ft. Figure 10 shows the results of scaiing from the frames
of the previously mentioned movie filim. As can be observed,
the scaling was reascnably accurate. Therefore, from this




TABLE
VARIOUS CONSIDERATIONS FOR ARRIVING AT OVERALL DESIGN FACTOR

wonsideration Dwaléaﬂ- COverall
Item factor, design
Line Asya- cf/mik factor,
Safety,! | conver- | metrical | Joim) Abry- Vo~ Jet/mlk
3 gence, load,? !erf.,* | sion,d| tigue,?
[ £ n 1 H4
Canopy T
Cloth 2.00 N/& 1.G% 1.0¢ G.56 c.9¢ 1.15% 2.30
Nain sesm 2.0 N/A 1.0 C.9E 0.496 0.9% i.1b Z.36
Crosc agte 2.00 K/ 1.05 0.79 2.96 ¢.1% 1.46 2.92
Zuspension ‘”r -
line
To con. link Z.00Q 1.04 1.4% 0.7 0 G5 9.95 1.24 2.48
To skive 2,06 1.04 1.95 i.90 G,40 v.Y5 1.20 2.0
TO main
setm at
skirt and
vent 2.00 K/A .85 1.00 0.49¢€ .75 1.15 2.3
To vent
ring 2.G0 N/A .05 G.87 0.4%6 0.95% 1.32 2.66
B Reefing
1in 2.09 N/A 1.65 c.96 1.C0 1.00 1.09 2.18
prrmsttrratns - - . - — o g - - s —
Skirt rednf. { 2,00 | _N/A | 1.05 0.39 |} 0.96 0-95 1.17 2.34
VYent reinf. 2.00 N/A 1.0% 9.493 €.96 8.95 1.24 2.48
b —
Riser
TC comn.
link 2.00 N/A 1.0% 0.7 0.96 0.9 1.53 3.06
To clevis 2.00 N/A 1.05 9.88 0.46 G.95 1.31 2.62
" ser ext. ”
Z¢ clevip 2.50 N/ZA 1.65 0.82 .95 c.9% 1.41 2.82
To losd
attach. 2.C0 N/A 1.9¢ v.c7 R L] ¢.95 1.34 2.68
Splice 2.00 N/A 1.u8 0.82 G.96 0.95% 1.31 2.62
Center iine
To wvent
: ring 2.9¢ K/7A 1.05 0.82 0.96 6.95 1.3y 2.77
; To clevls 2.90 R/A 1.05 0.87 | 0.45 0.95 1.32 2.64
i_ Spitce 2.40 N/ 1.8 0.86 0.96 0.95 1.3% 2.68

ivol. 1, Seec. 3.0.

Inef. 3, p. 370,

Iconventional practice.

‘irs. A; for riser extension, see Plg. 4-1&,

iSelectad on basis of having service life similar to that of the T-i0.

~—ry
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Fig. 8.

Symbol Item Margin of scfziy
- Canopy -
A Cloth +1.05
B Main seam +0.96
(ross seam 0
Suspension line
D To conn. 1link +0.35
E To skirt +0.39
F In main seam 40.38
G To vent ring +0.19
H Vent reinforecing +0.75
I Skirt reinforcing +0.43
Riser
J To conn. link +0.27
K To clevis +0.48
Riser extension
| To clevis +0.17
N To load attach. +0.23
0 Splice 0
Center line
P To vent ring Y]
Q To clevis +0.04
R Splice +0.03

22
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Pig. 9. General shape characteristics
associated xith the opening of the G-11lA
vent-pulldown parachute.
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Fig. 10. Dimensions scaled from movie film depicting opening
of the G-11lA vent-pulldcwn parachute.
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Pig. 11, Approximate dimensions associated
with the crening shape of a 8-1IA vent-pulidown
parachute.
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figure, 1t can be established that the high-pressure area of
the canopy 1s located approximately 40 ft from the skirt of

the canopy. Figure 11 {a) shows that the width of any indi-
vidual gore at this location 1s oimply

2 x %% x 3§L§ = 6.5 in. (4-3)

Cince the canopy has 120 gores, this means that,
at the location of the high-pressure areas, the circumference
can be calculated to be

120 x 6.5 = 7¢ in. = 65 ft. (k-4)

From scaling the film, it was determined that
the false vents lie on a circumference of a circle whose diam-
eter is approximately 18 ft [see Fig. 11 ‘b)]. Hence, the
circumference is

187 = 56 f¢t. (4-5)

Th2 diflerence between the above two circum-
ferences i1s 9 ft. This means that, at the reefed state,
there 1s some 9 rt of fullness, or, for the case of four
"false vents," 2.25 ft per false vent. This amounts tn some
four gores per high-pressure area that have not yet unfolded.

The stress in the canopy is now determined by
assuming that each of the high-pressure areas lies cn the dome
of an 18-ft-diam. hemisphere. Viewed this way, the maximum
stress becomes slmply the hoop stress; hence,

QR = 30 x § = 270 1b/ft = 22.4 1b/in., (4-6)

where q 1s the aerodynamic pressure, which E1 Centro drop-

test data reveal to be approximately 30 1b/ft? at attainment
of full reef.

It can be concluded that the above approach to
the maximum canopy stress nresent in the deployment of a
vent-pulldown parachute is conservative because, in practice,
the main seams carry a significant port‘-n of the parachute
load and consequently cut into the smoo.n henisphere. From
Fig. 11 (c¢), it becomes obvious that, since R, < R, the
product of g and R 1s reduced. g

(2) Selected Prototype Parachute Assembly (D = 135 °t)

For a cluster of six 135-ft-diam. vent-pulldown
parachutes, it must be assumed that the high-pressure areas
each lle on the dome of a hemisphere whose diameter is
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0.16 x 135 = 25.3 ft (4-7)

The aerodynamic rressure at the time of maximum
cluster load (at or following attainment of full resef) is
approximately 28.6 1b/ft? (refer “o Appendix B). Hence the
maximum canopy stress, which is a circumferential stress
asting in a direction ncrmal to the main seam, is

gR = 28.6 x 12.15 = 347 1b/ft = 29 1b/4in. {(i-8)

Knowing the maximum canopy stress, it 3is now
possible to calculate its margin of safety.

(1 Canopy Cloth

The allcwable locad on the canopy cicth itsgeifl
is calculated from Eq. (4-1):

allow load = 136é633b/1“‘ = 59.4 1b/in.  (4-12)

Use of Eq. (4-2) yields a mergin of safety of

_ 59.4 1b/in.
M.8. = 55 T5/1n.

where (it should be noted), for the canopy, the :~orst-case
load 1s the maxim'm canopy stress.

- 1 = +1.05, (4-2a)

(2 Canopy Main Seam

The allowable load orn the canopy maln seam
i1s calculated from use of Eq. (4-1). Hence,

allow load = & g ;b/i“° = 56.8 1v/in. (4-1b)

Use of Eq. (4-2) yields, for the margin of
safety

_ 55.8 1b/4in.

M.S. = 56 1o/in. 1 = 40,96. (4=-2b)

(3 Canopy Cross Seam

Once more, Eq. (4-1) yields the allowable
load, this time for the canopy cross seam:

60 _1b/in-
2.92

Since the c¢ross seam 1s located on the gore so
as to subtend an angle of 45° with the circumerential refer-

allow icad = = 20.5 1b/in. ({4-1lec)

n
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ence, and =ince the canopy stresses in the direction normal
to the circumference are assumed negilgible, 1t 1s permissi-

ble to state that the force ncermal to the cross s=am 1s
simply

{max canopy stress) x sin 4s5°
= (29 1b/4in.) x 0.707 = 20.5 1b/in. (4-9)

Equation (4-2) leads to the following calculated
margin of safety:

- 20.5 1b/in. -
M.S. = 50.5 1b/1in. 1=20. (4-2¢)

b. Reefing Line

Tne forces to which the reefing line is subjJected are
a function of a number of fixed factors: specifically, the
number of gores in a parachute, the maximum opening load, and
the length of the suspension lines. These forces in turn are
functions of certain variables which may not be determined
#withcut & drop-test program--such as the nost suitable reef-
ing ratic and the inflated shape of the reefed parachute as
typified by the angle formed between the tangent tc the radi-

al seam at the skirt and a reference parallel to the para-
chute center line.

(1) Reefing~line Force

Figure 12 depicts the force behavior of the
reefing line for a vent-pulldown varachute at the initial
stages of full reefed c:..iition. If F. represents the maxi-
mum load, tnen the force in onc suspengion line becomes

= -._..::‘.Q....__.. {
)FR N cos T ’ {(4-10)

where N is the number of gores comprising the parachute
canopy and is also egqual tc the number of suspension lines.

‘FSL

The compenent of the suspension-line force in
& direction parallel to the parachute center line is simply
N FO
FsL PR TR (4-11)
and the component normal to the center line is

’
\

(FSLH)FR = - tan agq. (4-12)
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RIRACUUTE FORCERS

Fig. 12. Assumed force behavior of fuil reef for the reefing
line of & psarachute employing the vent-pullidown technique
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For the parachute to be in reefed equilibrium,
(Fe Yo = (For Jppe- (4-13)
RV S SLV FR

The force in the main seam radially directed
from the skirt is

o (4-14)
(F )- = . u“l
R’S N cos BFR
It can be shown that

F0

The force that normally tends to open the mouth
of the parachute is (Fs )FR’ and can be expressed as
N

(Fg Jpg = (Fo ) = (For Joane (4-15)
SN FR Ry"S SLH rO

Substituting Eqs. (4~12) and (4-15) into Eq. (4-16) yizlds

F

(F. ) =0 (tan 8 - tan a)n.. (4~17)
SN FR N FR

If 1t 1s desired to use reefing, it can be seen
that the forcs acting directly on the reefing rings (as a
result of the reefing liine's resistance to the opening tenden-

cies) has a magnitude equal to (FS )FR but opposite in
direction. N

The force in the reefing line can now be simply
expressed as

(FSN)FR
Fri * s 1380720) - (4~18)

Substituting Eq. (4-17) into Eq. (4-18) yields

/& -
FRL c {tan 8 van Q)E_B, (u_lg)
FC 2N sin (R60720)) ‘ v
30




However, it becomes desirable to express the
forees in the reefing line in terms ol the reefing ratio.
From Fig. 12, 1t can be seen that

kD
a=sin”l 2, (4-20)
SL

Rep = 5t (4-21)

where D, 1s the steady-state diameter, and D, is the diameter
of the §lattened canopy. Now, substituting Qhe latest two
equations into Eq. (4-19) finally leads to

- -1
F, 2N sin (350/2N)

.(4-22)

(2) Selected Prctotype Parachute Assemdbly

Figure 13 depicts the curves plotting Eq. (4-22)
for various B-values. These curve:z are based upon the geom-
etry assoclated with the selected prototype parachute assem-
bly; that is,

and
N = 160 gores.

Referring to Fig. 10, it can be seen that 8 =
18°. 1In addition, the established reefing ratio, R.., f§§
the selected prototype is approximately 19.1% (Voluﬁg I,
Section 10.2, p. 161). Hence, from Fig. 13,

F
Fﬂﬁ = 0.042. (4-23)
0

Since, for this case, FC is 28,300 1lb, then

Par = 1187 1b. (4-23a)
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Now it is possible to arrive at the aliowable
load on the reefing line. PFrom Eq. (4-1),

allow load = 31%2T§9 = 1261 1b. (4-14)

From Eq. {(4-2), the margin of safety 1s calcu-
lated to be

- 1261 1b = -
M.S. 1387_15 -1 4+40.,06. (4~-24)

c. Skirt-reinforcing Band

It can be reasonably assumed that the skirt-rein-
forcing band experiences 1its maximum force at approximately
full open since, in this condition, the scalloped shape
assoclated with the skirt is minimized. Reference to Volume
I, p. 1684, reveals that it is also reasonable tc assume that
the maximum parachute force 1s approximately the same for
full open as for full reef.

(1) Load Experienced by the Skirt-reinforcing Band

Pigure 14 depicts the assumed force behavior at
fulli open for the skirt of a paracnhute employing the vent-
pulldown technique. Using rationale similar to that exem-
plified in calculating the reefing-line force enables the
calculation of the maximum load experienced by the skirt-
reinforecing tand. To do this, the very ccnservative assump-
tion 1s made that there is no scallopinz effect at the skirt.

A portior of the aerodynamic force zacting on the
gore is resisted at the skirt. This resistance 1s equal to
the horizontal component of the suspension-line force,

(FSLV)FO

View A-A cf Fig. 14 shows thzt the force 1in the
skirt-reinforcing band at full open becomes

(Fsp. Jro

. H L
(Fspipo © 7 5Tn (3607207 ° (4-25)

Substituting Eq. {4-24) into Ea (4-25) yields

S}
w
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Pig. 14. Assumed force behavior at full cpen for the skirt
of a parachute employing the vent-pulidown technique.
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{
‘FSLV)FO tan ap,

(Fspdwo = 2 5Tn (3607207 ° (4-25)

(2) Selected Prototype Parachute Assembly

The geometry associated with the prototype para-
chute assembly, shown at full open in Fig. 14, is az follows.

q
DFO 9\. f‘t 3

L 169 ft,

7

SL
and
N = 160 gores.

From this information, it can be seen that

-1 48 r¢ \
GFO = sin I3§—?E (4-27)

Opg = 16.5°. (4-28)

Use of Eq. (4-26), 1f the maximum force at full
open is 28,300 1b, yields

28,300 tan 16.5°

(Fspdeo = 7% 166 x sin (360728y - 1375 ib.(4-26a)

The allowable load on the skirt-reinforeing
band is calculated by Eq. (4-1). Hence,

allow load = ﬂ%ﬁ%ELE = 1G6u 1b. (4-1e)

From Eq. (4-2), the margin of safety is calcu-
lated to be

1962 1b

M.S. = 57515 " 1 = +0.43, (4-2e)

d. Vent-reinforeing Banrd

It can be reasonably assumed that the vent-reinforc-
ing band experiences 1ts maximum force at approximately full
open, since in this conditicen the scalloped shape asscciated
with the vent is minimized.
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(1) Load Experienced by the Vent-reinforcing Band

Referring to Fig. 1%, it can be assumed that at
full open the forece in the radial main seam at the skirt is
equal to the force in the suspension line. Hence,

(Fpdro = Fsiopo- (4-29)

Carrying this reasoning further, one can state
that the force or tension in that portion of the suspension
line that traverses the main seam is constant throughout.
Therefore, it can be assumed that, at full open, force in the
main radial seam at the skirt is equal to the force in the
main radial seam at the vent:

(Po Joum = (P Jn. (4-30)
RS’FO R, FO

Substituting Eg. (4-29) into Eq. (4-30) ylelds

(F, Jpn = (Por)dpn- (4-31)
th FO SL'FO

The algebraic summation of the horizontal
components of (FR )FO and the vent-line force (FVL)FO yields
vt

the value of the normal force pulling outward on the vent-
reinforcing band, creating its tension load:

(F ) = (F -, - (F ) JE (4-32)
vtN’FO R,, 'Fu VL.,’ PO

From reasoning similar to that used for the
reefing line, the tension or force in the vent-reinforcing
band at full open can now be conservatively stated as

‘ {thN)FO
(Fyp)ro = 3 51n (360728) (4-33)

Substituting Eq. (4~32) into Eq. (4-33) yields

by

vBFO = T3 sin (36072N) (4-33a)

(F

FProm Fig. 15, it can be seen that
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Pig. 15. Assumed force behavior at full open for the
vent of a parachute employing the vent-pulldown technique.
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dpo tan (B J)pg (4-34)
v

) = (F
th FO th
and

(F

Substitution of Eqs. (4-34) and (4~35) into
Eq. (4-33a) yields

(FR )Fo tan (th)po - (FVLV)FO tan (“vt)FO

(Fo)s = e
VB‘FO 2 sin (360/2N, ’
(4-33b)
To satisfy equilibrium conditions,
(F ) = (Fyr donos (4-36)
thv 0 VLV FO
and Eq. (4-33b) r=2comes
(FVLV)FO [tan (Bye)pg - tan (“vt)FOJ
(Fym)on = . (4=33¢)
VB’F0 2 sin (360/2N)

The vertical component of the vent-line force
at full open can be expressed as

U.h FO

and the angle (th)FG at full open as

(Fg o
_1 va \
(Bv&)n = €0S © —pm— —_ (4~38)
t ' FO \.R FO
vt

Substitution of Eqs. (4-31) and .4-36) into Eq.
(4-38) yields

(Foyr )
Ly FO

(th)FO = COS—l -?FETT;~ . (4-38a)
L

From I'lg. 14, it can be seen that




(Far )
_ (Fgp)po
(FSLV)FO " %65 apg (4-39)
Since
Fa
(Fsi,)ro = 7 (4-40)

the expression for (th)FO is reduced to

_ lN(FVLv)FO
(th)FO = cos [_——Tﬁ;_-‘ cos apy | . (4-38b)

Substituting Eqs. (4-37) and (4-3R:} into Eq.
(4~33°) finally yields the force in the vent band at full
open:

(P i FO {tan [cos-1 (0.4N cos aFO)] - tan (avt)FO}
VB 7O 5N sin (360/2N) *
(4-324)

In thz prototype parachute assembly under study,
the following informaticn 1s characteristic at full open:

FO = 28,300 1b,

N = 160 gores

= =0
QFO - 1603 [y
and

(o ® 450,

vt)FO

Substitution of these values into Eg. (4-334d)
yields

(FVB)FO = 1060 1b. (4-41)

The allowable load on the vent-reZnfercing band
is calculated by Eq. {(i-1). This leads to

allow load = “228:10 = 1850 1b. (4-1f)

Use of Eq. (4-2) leads to the following margin
of safety.
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1850 _1b

M.S. = 1066 16 1l = +0.75. (4-21)

e¢. Suspension Lines

The ultimate load of the suspension lines is c¢alcu-
lated from the expression

ult load = (no. of lines) x (line strength).(4-42)
For the case hereiln,

no. of iines = 160
and

line strength = 531 1b;

hence,

ult strength = (160 lines) x (591 1b/line) = 64,500 1b.
(4~422)

(1) Suspension Lines Joined at Connector Links

Equation (4-1) ylelds the allowable Zoad on the
suspension lines based upon the joint at the connector iinks:

_ 94,5¢0 15 _ .
allow load = ——é—ng-—- = 38,200 1k. (5-1g)
The margin of safety, from Eg. {(i-2), bHecomes

_ 38,200 36, _ hoe
MoSo b 2 ’3':-\_0 lb -~ A +Oc35. \”"26)

(2} Suspension Llnes Jocined at Skirt

The allowablie lvad on the suspension lines
based upon the joint at the sxirt is

1,500 .
aliow load = Z32p=—== = 32,400 1b. {k-1h}
Therefcore the margin cf safaty 1s

_ 35,300 b 1 = ar —oh)
M. S. = %gfgﬁa—zg 1 = +(.36 (4-2n)

{3) Suspension Lines in the Main Seam Joined at
tne Skirt and Vent

The aliowabl
enm

4 4% the skirt and vent or: the
suspension iines in th e s

am {since the suspenaion ilnes




. §

run through the matn seam on up to the arex) is

allow load = 2£3?%%_12 = 41,150 1b. (4=11)

The margin of safeily beccmes

l"l 150 1b - . )
ng - 1 = +6,38, (3.2L)

M.S. =

where the total suspension-line worst-case ioad is calculsted
from use of a variaticn of Eq. {4-14}:

Fy

worst-case load © ———mee
e ©05 B

. (4-43)

For this case,

F, = 28,300 1b,

and
8 = 18°,

28,300 1b . e
worst-case load = -Egg—Tgs— = 29,950 1b. (4-43a)

(4) Suspension Lines Jolned at $he Vent Ring

Hence,

Equation (4-1) ylelds the allowable lcad on the
vent lines (suspension lines running from the vent band tc
the vent ring):

allow load = 2555%%—19 = 35,500 1. (4-13)

The extreme worst-case load that couid ke
experienced by the vent lines is 29,900 1b. Hence, the
margin of safety for this condition becomes

M.S. = 35,500 1b

= - = { i~
29,900 lb 1 +0019v L 23}

f. Riser

(1) Riser Jolnt at the Connector Link

Equation (4-1) yields the allowable load for the
riser» at the connector link:
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allow load = S99 = 2

h BN
Fe

Qv

7% 1b. (4-1k)

The margin of safety 1s

. 247 -
M.S. = 3375533-- 1 = 40.27, (4-2k)

where the worst-case load experienced by the riser i1s based
on the total worst-case locad experiencec bty the suspension
lines. The latter case is stated in Eq. (4~43a). Since ten
suspension lines feed into each riser via the connector iink,
the riser worst~case load becomes

N

227 1b ~
worst-a232 oad = AL lines )
ST a3e 1 a.d 160 11 €S (J.O S /risea

87

<

ib/riser, (B-hY)

)

{2) PRiser Jopint a2t the Clevis

The allowable i1oad for the riser at the clevis
is

7

b I}

FalaY

h\
¥

allow :ioag =

ibi »x (4 plv)
2.

s 11,100 3ib.{4~1im)

n

The rmargin of safety becomes simply

11,150 1b

M.3. = (’1870 lb} X (-r4 plﬁ - 1= +O.u° (3-22‘!)

{1) Center-line Jeint at the Vent Ring

gqustion (U-1j ylelds the allowatle ioagd for
the center-line &at the vent ring:

- {15,512 1b) x {2 ply: .
aliow load = 3222 2“%9 S Pa¥l = 11,200 0.
T {4-1p}
From Eg. {(%~2), the margin of =afety is
12,260 1ib ;
LN w 2220 L L 2 5 [ P M)
R.S. 131,350 in i G, {4-2p)

1

where from Vslume 1, p
il vrst-case lcad &

cen k2 szeen that the center-
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worst-case load = 0.4 x (28,300 1b) = 11,300 1b. (L4-47)

(2) Center-line Joint at the Clevis

The allowable lcad on the center line at the
clevis 1is

ailow load = (15,512 ;b%ux (2 ply) . 11,750 1b. (4-1q)

The margin of safety is

11,750 1b

M.5. = 17560 1o

-1 = 40. 4, (4-2q)

(3) Center-line Splice

(1 Margin of Safety on the sasis of Theory

Figure 19 reveals that the length of stitch-
ing for the splice is 11-5/8 in. If there are approximately
7 stitches sewn per inch, then for 8 rows of stitching there
is a total of

(11-5/8 in./row) x (7 stitches/in.) x (& rows)
= 650 stitches.

The rated ultimate tensile strength of the
thread is 50 lb. This means that, for 650 stitches, the
following ultimate tensile load can -= developed:

(650 stitches) x (50 1b/stitch) = 32,550 1lb;
however, the efficiency of the thread is approximately 75%,
and the abrasion and fatigue factors are 0.96 ané 0.35, re-
spectively. Noting that the safety factor is 2.7, then the
thread's overall design factor vecomes

2.0 _
0.75 x 0.96 x 0.95

2.92.

Now, using Eg. (4-1), it becomes possible
to arrive at the theoretical allowable load for the splice:

allow load = §§5§%%_£9 = 11,120 1lb. (4-45)

The margin of safety for the splice becomer
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g

M.S. = %%4%%%—%% -1~ -0.02. (4-146)
3

The negative margin of safety based on
theoretical determination of the efficlency of the center-
line splice indicates that the center-line splice may be
marginal. Hence, it becomes necessary to conduct structural
tests to determine the actual efficlency of the splice.

(2 Margin of Safety on the Basls of Tests

Appendix A shows that testing reveals the
allowable load for the center-llne splice tc be

¢
allow load = (15’5122f2% x 2 pLY) . 11,600 1b. (4-ir)

The margin of safety, therefore, hbecomes

M.S. = %%4%%%»%% -1 = +0.03. (L-27)
b ]

This margin of safety is higher than that arrived at from
theory (Eq. 4-46); hernce, it can be concluded from the results
of Eqs. (4-46) and (4-2r) that the margin of safety derived
from theory is reasonably conservative.

h. Riser Extension

The riser extension (or main riser) is of 6-ply web-
bing. Because of the high anticlpated ultimate strength of
the riser extension (of the order of G0,000 1lb) destruct
testing at Ploneer's laboratory facilitles becomes infeasi-
ble., As a result, the means for arriving at this configura-
tion's Joint efficiency 1s accomplished by theoretical
calculations based on those presented in ref. 4 and summa-
rized by the curve depicted in Fig. 21.

Table 6 presents the results of the above theory.
It shows that the correlation between the theoretical joint
efficlencies and the test joint effiziencies for both the
riser and center line compare favorably. In fact, the theory
1s somewhat conservative. As a result, 1t can be stated with
confidence that the riser-extension joint efficiencies arrived

at througn the theory presented in ref. U4 are reasonably
realistic.

In Fig. 21, the curve definass the Joint efficlency
of a webbing around a pin. The parameter 1is given by the
expression ri/Nt, vhere H 1is the number of webbing plies, ry

48




s T

y RISER EXTENS/ION,

r./\." 194 W NYLON NEB,
MIL-W-27265, 7V ITL,
6-ALY
SOREADER .
REIVE. N /1
AN
|- spredoere |V
SLEEVE
{ﬁ! m,/ KEEPER
\ ' /-M///Ae ar o,
* 'f_""-'—"""—-"—' T\ Q%Namm ”MFW
) a4 \ QENS or AIrLadD
I T T 4racuMenr eno

RESPECTIVELY

X fOR CLEVIS JOINI, LUAVE 2-0il. BUSHIMG;
R AYLOAD-AITACUMENT JON] HAVE 3% -

ou. PN

Fig. 20. Piser-extension loints at clevis and payioad-

attachment ends.

uo




‘TT ‘374 uy peqotdap sAano 8tyy uo paseq *y)q

U8 PaysTrIQees ATTEOT381TVGL 9Q UBD SNIPBIL *UT~0G°(D Jo ugd v £q 87A8TO 8y3 03 SuUIT
d23Ua0 Y3 JO JUIWYDBIR Ay} JO AOouUaTOTJJa ayy ‘oouay ‘JUATTIS0X8 BT 3889 £q 3¥ PAATIJE
1By puwr (u) Lr1o0auys £q pajogrpoad LoUdT0TIIe ayy uaamjaq uostavduwos ayq ‘umonys oy

*(00*'T = Ya) snipua "UT=00°T JO uTd ¥ U3TM DPAIONPUOD SBM YTASTO AY3 03 SUTT J93UBD alg
J0O 3USWYSWIIW HU3 JO 9893 TENIONIIR aU3 ‘*UT 0G°0 ST SNTPRI WTASYO TEN30B U4 UInoys Ty,

h6
n°Eg

fR
17

g ‘358 383y

la Ta°f 9G1°0 £ 06°'1 UaWYdBILE
prvothey
8 ntte 941’0 £ ne't Jurysng sTASTH

UOTEUIIXD JOSTY

w6 Ch*9 961°0 1 0T 8TATD
G'€R on*e2 95T* 0 1 2500 Sure quapy 9
QUTT Jo3ucA
s 99°2 n60°0 2 05°0 STADT)
Gl X3 n60° 0 1 R9T* 0 NUTT *uuos
X087y
‘uy ‘u arsta ‘uy ‘g M ‘up *¥g wa3y

LSAL ANY AHORHI MO
ARVE STIINTIOTLLT 0 MOSTHYINOD
9 TTAYY,

prow




oy

e g4
PIRY o3

3 223 e 3e

. 03

Trbreigees £

Fprey

PETS 33 oot Yoot poeks

—aafete -Eﬁ
et (RS F beely FLEZ: Kt gy - 2 e S : £ Shes :xg
2abag % 54 poily SO -3 = el




is the inside radius of the innermost ply of webbing (in
inches), and t 1s the webbing's thickness (ir inches). The
curve fails to acecount for Lhe reinforcing effect of any
buffer or sleeves; hence, ry beccme3 simpliy the radius of
the pin.

(1) Riser-extension Joint at the Clevis

Equation (#-1) yields the aliowable load for
the riser extension:

allow load = (122212 1= 6 PLY) . 33,000 1b. (A-1s)

The margin of safety, from use of Eq. (4-2), is
calculated to pe

. 33,000 1t
H.s- 2 ’300 lb - 1 K +001?0 (“’28)

(2) Riser-extension Joint at the Paylcad Attachment

The allowable load for the riser extension at the
payload attachment 1is

allow load = & ‘1221b‘ x (6 F1¥) + 57,800 1b. (4-1t)

The margin of safety is

. 38,800 1b _ . _ _
M.S. ng?EU‘TF -1 = 40.23. (4-2¢)

(3) Riser-extension Splice

(1) Margin of Safety on the Basis of Theory

Since the riser-extension splice Js the same
as that for the center line with the exception of the wrap,
and since the theoretical calculations ignore the infiuence of
the wrap, the margin of safety for the riser-extension spiice
is the same as that for the canter line; therefore, reference
is made tco Sectior 4.g(3)(1 of this volume.

{2) Margin of Safety on the Basis of Tests

Appendlx A& shows that testing reveals the
allowatle load for the riser-extension splice to tce

allow joad = 2.7 ;§) > (2 ply) . 11,850 1b. (4-~-1u)
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The margln of safety 1s

= 11,850 1b -1 = +(.25. ("-2“)
M.S. = 1387360 189/3  ° 25

Once again, it 1s shewn that the margin
of safety for the splice derived from theoretical calculations
is reasonably conservative. It can also be s2en that use of
a stronger wrap for the riser-extension splice yields a
slightly higher margin of safety than for the spiice for the
center line using the lesser-~strength wrap.

S. MATERIAL LIST AND WEIGHTS

The materials comprising the prototype parachute assembly
are listed in Table 7 along with corresponding weights. The
materials list accounts for approximately a 13% overage; this
overagze 1is deducted to arrive at a reasoriable estimated total
weizht.
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LABOPATORY TEST REQUEST/REPORT

ITEM(S) YO SE TESTED PROJECY !
NO . E-~-015%
fylon Cloth, control sample TEST
MIL-C-7020, Ty. II No. o/

PURPCSE ULTIMAYE POINT OF EFFICIENCY ‘JOYHER
QSTQSNGTH GFA!LURE D

'TEST METHOD

CCC~T=191b, method 5104, Use Scott Tester, Model J-3,
115-1b capscity with 12 in/min load rate.

Test in accordance with PFederal Specification

TABLE COMMENTS
Ult. Strength, 1b/1in.
Sample  ¥arp FL

1 £3 7%
2 69 76
3 71 kL]
§ 76 76
5 71 5
Av, 69 76

REQUESTED BY|DATE REQUESTED |REQUEST APPD. BYJ|OATE APPROVED
MK 11/21/68 RAT 11/21/68

MSULTS 1] fallurss Sogurred over eialmue uitimate
rated strength.

CONCLUS GRS

YESTED BY .

T i Bivere (1/R/EEISATE TMLETED

)
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LABORATORY TEST RcQUEST/REPORT

ITEM(S) YO BE TESTED PROJECT

NO. E~015%
Nylon cloth, control sample FEST
MIL-C-7020, Ty. 11 Bias-Cut NO. /2

PURPOSE [] ULTIMATE (JPOINT OF [TJEFFICIENCY [(JOTHER
STRENGTH — FAILURE

TEST METHOD  Similar to Pederal Specification CCC-T-191b,
Method 5100, except test 5 samples cut on the blas. IUse

Tinius Olsen Testing Machine, 500 1b scale, witn 12 in/min
load rate.

REQUESTED BYJDATE REQUESTED JREQUEST APPD. SY|DATE APPROVED
MMK 10/15/68 11/15/68

ENTS
TABLE Ult. bias COMM
strength, 1. Ultimate bias strength
Jample F, 1b ib/1in is calculated using the
1 124.8 124.8 following relaticnship:
2 124.2 124.2 . )4
3 173.0 173.0 Ult. bias = w5 *
; %gg'g igg'g where P is the ultimate
* * strength of the sample, 1b;
¥ 1s originsl width of the
Av. 136.6 136.6 test specimen, in.; and D
i1s the initial jaw sepasstion
in.
RESULTS
CONCLUS IONS

[Yes1z0 oY ) K. Xnor 11/16/6Q1DATE CoMPLrIED

&5
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LABORATORY TEST REGUEST/REFORT

T TESTED PROJECT
ITEM(S) TO BE E ND. E~0154
Reefing Line, control sample TEST
Spez. MIL-C-7575, Ty. VII NC. TL/3

PURPOSE ﬁULTlMATE GPO[NT OF DEFFICIENCY DOTMER
STRENGTH FAILURE
TEST METHOD

Same as “ederal Specification cCC-T-191b,
Method 4102, except 1est 5 samples and report to the
nearest 5 pounds. Use Tinlus Olsen Testing Machine
12,000 1b capacity with 12 in/min load rate.

REQUESTED BY|DATE REQUESTED [REQUEST APPD. BY|DATE APPROVED
MMK 10/16/68

TABLE COMMENTS
Sampie Ult. Strength, 1b.
1 2755
2 2680
3 2800
4 2730
5 2780
Av. 2749
RESULTS
All failures occurred sver min. ultimate rated
strength.
CONCLUS IONS

|TESTED BY , 0 0 o 10/17/63 |PATE COMPLETED 10,1868
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECT
Nylon Cord, control sample NO. E-0154
NO. TL/M

PURPOSE ULTIMATE POINT OF EFFICIENCY THER
ﬂ STRENGTH UFAH.URE D Do

st st

TEST METHOD Test in accordance with Pederal Specification
CCC~T-191b, Method 4102. Use Tirius OClsen Testing
Machine 2400 1b capacity with 12 in/min load rate.

REQUESTED BY]DATE REQUESTED JREQUEST APPD. BY|DATE APPROVED

MMX 11/21/68 RAT 11/21/68
TTABLE | COMMENTS
Sample Ult. Strength, 1b.
1 640
2 575
3 582
| 580
5 580
Av. 591
RESULTS

All fallures occurred over minimum uitimate rated
strength.

CONCLUS IONS

TESTED BY a Rivere 11/25/68 |DATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

[ ITEM(S) TO BE TESTED PROJECT
NO. E-0154
Nylon Web, control sample TEST
MIL-W-5625, 1 W 4000 1b t.s. NO. TL/S
PURPOSE @ULTIHATE DPO!NT OF DEFFIC}ENCY DOTHER
STRENGTH FAILURE
TEST METHOD Test in acccrdance with Pederal Specifica-
tion CCC-T-191b, Method 5100. Use Tinius Olsen Testing
Machine, 12000 1b capacity, with 4§ in/min load rate.
REQUESTED BY|DATE REQUESTED JREQUEST APPD. BYIDATE APPROVED
11/21/68 11/21/68
TABLE COMMENTS
Sample Ult. strength, 1b
1 4710
2 4600
3 4550
4 4520
5 46:.0
Av. k598
RESULTS All specimens failed above min. rated strength.
CONCLUSIONS
[Testeo BY o, 11 /06 768 |ATE COMPLETED
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LARORATORY TEST REQUEST/REPGRT

ITEM{3) TO BE TESTED PROJECT
Nylon Web, 2ontrol sample NO, E-n164
1 W MIL~W-27265, Ty. XVIIl, TEST
Cl R, 6000 1b t.s, NO. TL/6

PURPOSE ULT IMATE POINT OF EFFICIENCY OTHER
m STRENGTH DFA! LURE D D

.

TEST METHOD Test in accordance with Pederal Specification
CCC-T~191b, Method 5100. Use Tinius Olsen Testing
Machine, 12,000 1b capacity, with ¥ in/ain load rate.

REQUESTED BY]DATE REQUESTED JREQUEST APPD. BY|DATE APPROVED

MMK 11/4/68 RAT 11/4/68
TABLE COMMENTS
Sample Ult. strength, 1t
1 7250
2 7259
3 7251
Av, 7253
RESULTS All specimens falled adbove the minimum raled
strength.
CONCLUS JONS

TESTED BY La Riviere 11/5/68]DATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM{SS TO BE YESTED PROJECT
Nylon Wep, control sample NO. E-0154
1 3/6 W, MIL-¥-2726%, Ty. XXV1, | VESY oL/
C1 R, 15,000 1b t.s, NO. adi g

PURPOSE VLT IMATE POINT OF EFFICIENCY OTHER
i;lSTRENGTM UFAXLURE B D

"TEST METHO

EST ME o Test in accordance with Pederal Specification
CCC~T~3191b, Method S51G0. Use Tinius Olsen Testing
Machine 60,000 15 cap

REQUESTED BY]DATE REQUESTSD JREQUEST APPD. BY|DATE APPROVED
MHX 11/74/58 RAT 11/8/68

TABLE COMMENTS
Sample Ult. stremgth, 1b 5
1 15,500
2 15,520
3 15,517
hve. 15,512
[RESULTS

All specimens failed atove minimum rated
strength.

CONCLUSIONS

TESTED BY L5 Riyjese 11/5/68 |DATE COMPLETED
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LABOGRATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECY
Attachment, vent line to vent NO. E~0154
ring TEST

NO. /8

PURPOSE ULTIMATE POINY OF RIEFFICIENCY [TTKER
GSTIEM\N mFAILURE .

T MET
TEST METHOD 4o Tinius Olsen Testing Machine, 2,800 1b
capacity, with 12 in/min lond rate. Padricate and
test 5 samples per attached sketch. Report results to
the nearest pound.

REQUESTED aY[oATE REQUESTED JREQUEST APPD. BY[DATE APPROVED

10/18/68 16/18/68
COMMENTS
Ssmple Ult. strength, 1b See sketch for sone of
failure.
1 658
2 752
3 1086
& 722
5 T4
Av. T16
RESULTS

Joint efficisncy 1s: 100 = (Av. ult. et
gr Joint/Rv. ult. strength of cord) = 100 (716/1182) =

-

CONCLUSIONS Efficiency of the joint is less than expacted
Eliminate the knot end repea? the tess.

TESTED BY ¥, Hinkle 10/18/68 Jeate compLeveD
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LABORATGRY TEST REQUEST/REPORT

CITEM(S) TO WE TESTED PROVECT
Attacihment, vent line to vent ___g"g_____&_-mﬂ____
ring. Ref. NALABS Dwg. no. TEST
Y11-1-1646, Detsll K NO. TL/8-1

STRENGTH FAILURE

PURPOSE [JJULTIMATE (F]POINT O [RJEFFICIENCY [TJOTHER

P
TEST METMOO yge Tinius Olsen Testing Ma

pound.

in/atn load rete. PFadbricate 5 samples and test per
attsched sketch. Report the results to the nearest

chine with 12

REQUESTED BYDATE REQUESTED JREQUEST APPD

10/18/63
9
YASLE COMMENTS
Sample Ult. strength, 1b See attached sketch for
sone of failure,
1 1,050
2 956
3 1,048
) 1,032
5 998
Av. 1,025

. BY|DATE APPROVED
10/18/68

RESULTS
Efficiency of joint is: 100 »

strength of jcint/Av. ult. strength of ¢
(1025/71182) = 87%.

(Av. ult.
ord) = 100

CONCLUSIONS
sccaptable for intended application.

Ultinacte strength of the attachment 1s

TESTED 8Y K. Hinkle 10/18/68104\75 COMPLETED

-
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LABORATORY TLST REQUEST/REFQRT

ITEMCS) TO BE TESTED PROJECT R
Astachment, vent lines to rent | NoO. E-015%
band. Ref. NALABS Dwz. no. TESY /9
X11-1-1645, Detall C L 8 q

PURPOSE ULTIMATE ({7]POINT OF EFFICIENTY THER
G SIRENGTH UFAI LURE m Do

S —

TEST METHOD game g3 Federal Specification CCC~T-19ib,

Method 8102 except fabricate 5 ssmgples snd pall per

attached zketch. Use Tinjus QOlsen Testing Ma~nhine,

2,400 1b capacity with 12 in/min iosd ~et2 and report
G

REQUESTED BY|DATE REQUESTED |REQUEST AFPD. srio&rs APPRGYED
10/2/68 10/3/68

COMMENTS
; Sanple  Ult. strength, 1b See sketsh for zoma of
fallure.
1 636
2 638
3 620
8 632
5 6%0
Av. 633
RESULTS

Joint efficiency 1s: 100 = (Av. ult. strength
of %olnt/ﬂv. ult. strength of cord) = 100 (633/591 1b) =
2078.

CONCLUS IONS Ultimate satrength of the joint is accepiable
for intended application.

TESTED BY M. M. Knor 10/9/68 |DATE COMPLETED
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LABORATORY TESYT

REQUEST/REPORT

TITEMCS) TO OF TESTED

PROJECT

Bem, vent band. Ref. NALARS NO. E-0154

Dwg. No. X11-1-1645, Detail C TESY

nO. 790/10

PURPOSE [ ULTIMATE POINT OF [XJEFFICIENCY THER
.STMTH UFAII.I‘E D’

ST RETHOD

Use Tiniuws Olsem Testing Machins, 12,000 1
capacity, with 12 in/min load rste. Tes: same as
Pederal Specification CCC-T-191b, Methed 3102, exeept
febricate 5 samples and p=1l per attached sketci:.

L ¢ 10/2/68

% 8500:.

3 8580

] 8220

S ‘ssclll
Av. 8514

REQUESTED BYIDATE REQUESTED ‘REQUEST APPD, BY'MTE AFPROVED

RAT 1073768

. ,
RESVLTS Effictency of joins

91960) = 933.

is: 100 = 5y, wit

of joint/(Av. ult stremgth of wetbing = 2) = 100 (851A/

CONCLUS IONS
for intemnded applicatiom.

Ultimate strength of vent band ia acoeptadle

TESTED oY N.M. Knor 10/9/68

DATE COMPLETED
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LABCGRATORY TEST REQUEST/REPORY

1TEM(S) TO BE TESTED FROJECT
Joint (on the bias), main seam NO. E-0154
Ref. NALABS Dwg. No. X11-1-164%5,[TEST
Detail A NO. TL/11

PURPQSE ULTIMATE POINY OF EFFICIENCY OTHER
GS'NIENGTH DFAILURE m D

TEST METHOD same as Federal Specification CCC-T-191b,
Method 5100, except fabricate and test 6 samples per
attached sketch. Use Tinius Olsen Testing Machine,
600 1b capaeity with 12 in/mir load ra’e.

REQUESTED BY|DATE REQUESTED [REQUEST APPD. BY|DATE APPROVED
MMK 11/18/68 RAT 11/18/68

[TABLE COMMENTS
Ult. bilas 1. Ultimate blas strength
Strength is calculated using the
Sample F, lo 1b/in. following relationship:
1 128.0  128.0 Ult. bias strength = ;ix,
2 125.0 125.0
3 119.0 119.0 where F 1s the ultimate
5 167.0 167.0 strength of the sample, 1b;
5 146.0 146.0 W 1= original width of the
6 119.0 119.0 specimen, in.; and D is
the initial jaw separation,
Av. 134.0 134,0 in.
RESULTS

1. Efficiency of the joint is: 100 = {Av. ult. bias
strength of Joint/Av. ult. blas strength of cloth) =
100 (134/136.6) = 98%,

2. Efficlency of the joint is: 100 = (min. ult. bias
strength of joint/min ult. bias strength of cloth) =
100 {119.0/124.2) = 95.8%.

ONS
CoNcLUS! Ultimate strength of mzin seam 1s acceptable
for intended application.

TESTED 8Y M, M. Knor 11/20/68 |DATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

TTEMCS) TO BE YESTED PROJECT
Joint, Cross Sesa TEST
Bef. MALABS Dwg. No. Z11-1-1645, | o /12

LDetall A
PURPOSE ULTIMATE POINT OF EFFICIERCY THER
ﬁ STRENGTH UFA!LURE @ Do

s pt— ——

TEST METHOD Sgme as Pedersl Speciflcation CCC-T-191b,
Mathod 5105, except to be fabricated and tested per

attached sketch. Use Tinius Olcen Testing Machine,

600 1b scale with 12 in/min load rate.

REQUESTED BY]JDATE REQUESTED [REQUEST APPD. BYJDATE APPROVED
11/15/68 11/15/68

ASLE

COMMENTS
Sample Ult. strength, 1b® Since test section is 2
4
&n:
1 121.0 *
§ ig;'g A3: = Av. strength for
§ 119.0 i in. section of sean.
S 117.0
6 123.C
Av, 120.0

® Por 2 in. test section

RESULTS Average ultimate strength of control sample of
ecioth in the £1l11 direction is 76 1b/in {See test - TL/1}.

Efficiency of joint 1s: 100 = (Av, ult.
strength of joint/Av. ult. strength of cloith) =
100 (60/76) = 79%.

CONCLUSIONS

Ultimate strength of cross seam ls acceptable
for intended application.

TESTED BY M. M. Knor 11/20/68]0ATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECT N
Hem, skirt band NO. E-015
Ref. NALABS Dwg. no. X1i~1-)1645,1 TEST
Detail B NO. TL/13

PURPOSE ULT IMATE POINT OF EFFICIENCY "OYHER
m STRENGTH GFA!LURE m

"TEST METHOD

Use Tinivs Clsen Testing Machine, 12,000 1d
capacity with 12 in/min load rate. Tesi same as
Federal Specification CCC-~T-191b, Method 4102, except
fadbricate 5 samples and test as per attached sketch.

REQUESTED BY|DATE REQUESTED JREQUEST APPD. BY|DATE APPROVED
MKK 10/2/68 RAT 10/3/68

TABLE COMMENTS
Sample Ult. strength, 1b * Repeated test
48 Prelcaded to 1630 1t
1 4620%
2 bh75es
3 4680
4 k530
5 4565
Av. 574
RESULTS

Efficiency of joint 13: 100 = {Avy. ult. strength
of joint/Av. ult. strength of wet) = 200 (4578/4598) =
96%.

CONCLUSIONS )y 1unte strength of skirt band is
acceptable for application intended.

TESTED BY M. M. Knor 10/8/68 IDATE COMPLETED

3
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LABORATORY TEST REQUEST/REPORT

STEM(S) TO BE TESTEG PROJELT
Attachment, susperision line to TE:?' E-C)54
skirt. Ref. NALABS Dwg. no. NO TLAA
X11-1-1645, Detail B -

PURPOSE ULTIMATE POINT OF [XJEFFICIENCY i IOTNE&
m.'a‘l’llENG'l'H mFAlI.UR’rZ .

-

TEST METHOD gome as Frderal Specification CCC-T-191b,
Method 4102, except fabricate S samples and test per

attached sketch. Use Tinius Olsen Testing Machine,

2400 1b capacity with 12 in/min load rate,.

"REQUESTED BY|DATE REQUESTZD|REQUEST APPD. BY|DATE APPROVED
MMK 10/2/€8 PAT ! 10/3/68
[TABLE . COMMENTS

Sample Ult. strength, 1b See attached sketch for
zone of failure.

1 €00
2 584
3 600
u 576
5 592

Av. 590

RESULTS

Data indicate that jfoint 1s 100f effictent and

no loss of structural integrity of t:» suspension line
occurred.

CONCLUSIONS

Jitimute strength of the joint is acceptable
for arplication intended.

TESTED BY y y. knor 10/9/68 |PATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECY
Attachment, suspenrion line %o NO. E-0154
1ink. Ref. NALABS Dwg. no. TEST

X11-1-1648 NO. TL/15

PURPOSE ULTIMATE POINT OF EFFICIENCY "OTHER
m STRENGTH E]FAILURE m

TEST METHOD

Use Tinius Olsen Testing Machine, 2400 1b
capacity with 12 in/min load rate. Faoricace 5 samples
and test as per attached sketch.

REQUESTED BY|DATE REQUESTED |[REQUEST APPD. BY|DATE APFROVED

10/21/68
COMMENTS
Sample Ult, strength, 1b See attached sketceh for
zone of faiiure.
i 532
2 558 Samples 1, 3, & and 5
3 588 failled in zcne A.
& 558
8 574 Sappie 2 faiied tn zcne
Av. 574 )

RESULTS

{Ay, ult. atrengtﬂ

Efficiency of jJoint 1s: 1137 =
n 106 (574/5%1) = 373.

cf joint/Av. ult. strength »7 cord}

CONCLUSIONS
UXtim2te strength of jolnt 1e accepiatis
for intended applicaticn.

TYESTED 8Y K. Hinkle 10!22.:’631»15 COMPLETED —7

L™

————
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LABORATORY TEST REQUEST/REPORT

-T-EH(S) TO B8E TESTED PROJECT 0154
Attachment reefing ring. Ref. [ NO. E-015
NALABS Dwg. no. Xll-1-1646, TEST
Estail H. NO. TL/16

PURPQSE ULTIMATE POINT OF EFFICIENCY ‘ JOTHER
a‘.ﬂ'llENG‘l’M QFA!LURE D

I TEST METHOD

Use Tinius Olsen Testing Machire 600 lb
capacity with 12 in/min load rate. Fabricate 5 samples
and test as per attached sketch.

"REQUESTED BY|DATE REQUESTED [REQUEST APPD. BY|DATE APPROVED

MMy, 11/8/68 11/8/68
TABLE COMMENTS
Sample Ult. strengthk, 1b ® Indicates jaw break.
1 405
2 4o4
3 378
§ 203*
5 425
Av. 493
RESULTS

Reefing ring pt. no. &8A7995 failed Quring
each test.

GONCLUSIONS

Ultimate strength of attachment 1is
atceptable Tor application intended.

TESTED BY w M ynor 11/14/CGPATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECT

NO. E-0154
Joint, reefing line splice TEST

NO. TL/17

PURPOSE ULTIMATE POINT OF EFFICIENCY OTHER
m STRENGTH EIFAILURE m D

TEST METHOD

duild and test 5 samples. Use Tinius Olsen

Testing Machine, 12,000 1b capacity with 12 in/min load
rate.

REQUESTED BY|DATE REQUESTED [REQUEST APPD. BY|DATE APPROVED
10/17/68

TABLE COMMENTS
Sample Ult. strengtn, ib

1 5610

2 5670

3 5680

4 5680

5 5760

Av. 5680

RESULTS

Average ultimate strength of control sample
1s 2,749 1b (see test TL/3).

Efficiency of the joint is: 100 = (Av. ult.
strengtk of joint/Av. ult. strength of cord) = 100
(5680/5498) = 103.3%.

CONCLUSIONS

Efficiency is relatively high. Retest using
different test set up.

TESTED BY K, Hinkle 10/17/68‘]°ATE COMPLETED 10/21/68
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LABORATORY TEST REQUEST/REPORY

ITEM(S) TO BE TESTED PRCJECT
est =
Joint, reefing line splice NO. TL/1]-1

PURPOSE ULTIMATE POINT GF EFFICIENCY OTHER
@ STRENGTH @FAI LURE m D

TEST METHOD

Build and test 5 samples as per attached
sketch. Use Tinius Olsen Testing Machine, 12,000 1b
capacity with 12 in/min load rate.

REQUESTED BY]DATE REQUESTED JREQUEST APPD. BY|DATE APPROVED
11/20/68 11/20/68

TABLE COMMENTS
Sample Ult. strength, 1b See sketch for zone of
failure.
1 2640
2 28&¢c Average ultimate strength
3 2550 of control sample is Z74% lb
y 2580 (see test TL/3)
5 2600
Av, 2642
RESULTS

1. Efficiency of the joint iz: 100 x (Av.
ult. strength of Jcint/Av. ult. strength of control
sample) = 100 {(2642/2749) = 96%,

2. Efficiency of the joint 1s: 100 x (Min,
t.s. of joint/Min. t.s. of control sample) = 100 {2550/
2680) = 95%.

CONCLUSIONS

Ultimate strength of splice 1s acceptable
for intended application.

TESTED BY MM, Knor 11/21/68 JDATE COMPLETED

35
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LABSORATORY TEST REQUEST/REPORT

[TEM(S) TO BE TESTED PROJECY E N
Attachment, center line to vent NO. =015
ring. Ref., NALAKS Dwg. no. TEST
X11i-1-1650 NO., TL/18
PURPOSE m ULTIMATE mFO R F mEFFlClENCY DOTKER

STRENGTH FAIL.

TE3ST METHOD

Use Tinius Olsen Testing Machine, 60,000 1b
capacity with 4 in/min load rate. Fabricate & samples
and test as per attached sketch,

REQUESTED BY|DATE REQUESTED [REQUEST APPD. BY|DATE APPROVED
MMK 12/12/68 RAT 12/712/68

[TABLE COMMENTS
Sewmple Ult. strength, 1ib See attached sketch for
the zone of fallure.
1 27,050
2 27,300
3 24,600
] 24,605
Av. 25,887.5
RESULTS

Efficiency of the joint is: 190 s (Av. ult.
strength of joint/Av. ult. strength of control sample) =
16C (25,887.5/31,024) = B83.4%.

CONCLUSIONS
Ultimate strength of joint 1s acceptable

for intended spolication.

TESTED BVn‘mr 12 /23768 IDATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECT .
Attachment, center line to clevis| NO. E-015
Ref. NALABS Dwg. no. X11-1-1650 TEST

NO. TL/19

PURPOSE ULTIMATE POINT OF EFFICICNCY OTHER
G STRENGTH E]FAILURE m D

TEST METHOD

Us® Tinius Olsen Testing Machine, 60,000 1b
capacity with 4 in/min load rate. Fabricate 3 samples
and test as per attached sketch.

REQUESTED BY|DATE REQUESTED [REQUEST APPD. BY|DATE APPROVED
MMK 12/12/68 RAT 12/12/6€8

TABLE COKMENTS
Sample Ult. strength, 1o See attached skatch for
the zons of failure.
1 28,800
2 28,450 During each test jaw
3 28,000 break occurred at the upper
fixture.
Av. 28,819
RESULTS

Data cbtained during the test indicate that
the joint 1s 931 efficient. Owing to the jaw breaks it
can be assumed that efficiency is actually better than
indicated above.

CCNCLUSIONS .
Attachment is acceptable for application

intended.

ITESTED 8Y M.M. Knor 12/23/68 IDATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TG 3E TESTED PROJECT i
NO. -
Riser extension splice YEST E~0154
NO. TL/20

PURPOSE ULTIMATE POINTY OF EFFICIENCY ' IOTHER
mSTkiNﬁTH mFA“.URE m

T
TEST ETHOD 4 e Tinlus Olsen Testing Mackine 60,000 1b
capacity ¥ith 4 in/min load rate. Pabricate and test
S samples as per attached sketch.

REQUESTED BY|DATE REQUESTED [REQUEST APPD. BY]DATE APPROVED
HXX 12/12/68 RAT 12/22/68

[TABLE COMMENTS
Sample Ult. strength, 1b
k3 13,350
b 13,560
3 13,7¢0
4 13,550
5 13,5602
Av. 13,540
RESULTS

Joint efficiency 1s: 190 x (Av. ult. strength
of joint/Av. ult. strength of control sample) =
10¢ (13,349/15,512F = 87%.

CONCLUSIONS
Ultiskate strength of splie= is acceptable
fer intend=d applicaticn.

TESTED &Y M.M. Krnor 12!18/68_13415 COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S)} Tu 8E TESTED PROJECT
NO. -
Center-iine splice e E-0154
NO. TL/Z1

PURPGSE ULTIMATE POINT OF FRIEFFICIENCY OTHER
G STRENGTH mFAlLURE g D

r——
TEST METHOD

Use Tinius Clsen Testing Machine, 60,000 1b
capacity with 8 in/min load rate. Fabricate and test
S samplea as per attached sxketch.

REQUESTED BY|DATE REQUESTED |REQUEST APFD. BY|DATE APPROVED
MMK 12/12/48 HAT 12/12/68

3. .
[TABLE COMMENTS
Sample Ult. strength, 1b
1 13,8c0 Stitching failed.
2 13,200 Web below the stitching.
3 12,20C Stitching falled.
& 12,950 Stitching failed.
S 13,450 Stitching falled.
Av. 13,400
Refer to sketch E-0154, TL/20
and note for center-line
spiice, wrap 1s Ty. XII.
RESULTS

Joint efficlency is: 100 = {Av. ult. strength
of joint/Av. ult. strength of control sample) =
100 (13,%00/15,512) =~ B6%.

CONCLUSIUNS

Ultimate strength of splice is acceptable
for intended application.

TESTEC 3Y 4w yror 1/2/60 |DATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJECT

NO. -
Attachment, riser to clevis TEST E-0138
Ref. NALABS Dwg. no. X11-1-1651 NO. TL/22

PURPOSE ULTIMATE POINT OF EFFICIENCY OTHER
m STRENGTH @FAlLt}Ri @ D

TEST METHOD

Use Tinlus Olsen Tesating Machine, 50,000 1b
capacity with & in/min lcad rate. 7abricate 3 samples
and test as per attached sketch.

REQUESTED BY{DATE R

EQUESTED IREQUEST APPD. BY|DATE APPROVED
MMKX 12/12/68 RAT 12712/68
TABLE

COMMENTS
Sample Ult. strength, 1b Se> sketch for the zone
ot fallure.
1 26,000
2 24,400
3 26,150
Av. 25,517
RESULTS

Joint efficiency is: 100 = (Av. ult. strength
of joint/Av. ult. strength of control sample) =
100 (25,517/28,012) = B883%.

CONTLUSICNS

Ultimate strength of joint 1s acceptable
for intended application.

TESTED BY M_M, Knor 12/23/649ATE COMPLETED
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LABORATORY TEST REQUEST/REPORT

ITEM(S) TO BE TESTED PROJVECT
Attachment, riser to link -;Ezg‘ E-015%
Ref. NALABS Dwg. no. X11-1-1651 |TEST /23

PURPOSE ULTEIMATE POINT OF EFFICIENCY OTHER
m STRENGTH mFl\ll..URE m G

VEST METHOD Use Tinius Olsen Testing Machine,
12,000 1t capacity with ¥ in/min load rate. Pabricate
S samples and test as per attached sketch.

REQUESTED BY|DATE REQUESTED |REQUEST APPD. BY|DATE APPROVED
MMK 12/12/68 RAT 12712768
TABLE

COMMENTS
Sample Ult. strength, 1b See attached sketch for
- =E° the zone of failure.
1l 5,400
2 5,460
3 5,520
4 5,430
5 5,250
Av. 5,412
RESULTS

Joint efficiency is: 100 x (Av. ult. strength
of joint/Av. ulr. strength of control sample) =
106 (5,412/7.253) = 7s5%.

CONCLU_IUNS
Ultimate strength of joint is &zceptable
for intended application.

TESTED 8Y M.M. Knor 12/18/68 IDA,E COMPLETED
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